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Abstract

Epilepsy surgery has seen numerous technological advances in both diagnostic and therapeutic 

procedures in recent years. This has increased the number of patients who may be candidates for 

intervention and potential improvement in quality of life. However, the expansion of the field also 

necessitates a broader understanding of how to incorporate both traditional and emerging 

technologies into the care provided at comprehensive epilepsy centers. This review summarizes 

both old and new surgical procedures in epilepsy using an example algorithm. While treatment 

algorithms are inherently over-simplified, incomplete, and reflect personal bias, they provide a 

general framework that can be customized to each center and each patient, incorporating 

differences in provider opinion, patient preference, and the institutional availability of 

technologies. For instance, the use of minimally-invasive stereotactic electroencephalography has 

increased dramatically over the past decade, but many cases still benefit from invasive recordings 

from subdural grids. And although surgical resection remains the gold-standard treatment for focal 

mesial temporal or neocortical epilepsy, ablative procedures such as laser interstitial thermal 

therapy or stereotactic radiosurgery may be appropriate and avoid craniotomy in many cases. 

Furthermore, while palliative surgical procedures were once limited to disconnection surgeries, 

several neurostimulation treatments are now available to treat eloquent cortical, bitemporal, and 

even multifocal or generalized epilepsy syndromes. An updated perspective in epilepsy surgery 

will help guide surgical decision making and lay the groundwork for data collection needed in 

future studies and trials.
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1. Introduction

Epilepsy surgery has seen numerous changes in recent years, necessitating continued 

updates to the treatment algorithms for this disorder. This field has achieved technological 

advances in both diagnostic and therapeutic procedures, and previously unavailable 

treatment options have been introduced. The core strategy in the evaluation of drug-resistant 

epilepsy remains relatively consistent: noninvasive presurgical evaluation, with or without 

invasive intracranial monitoring, followed by a therapeutic intervention [1]. However, many 

of our diagnostic capabilities have improved, and surgical options now extend beyond 

subdural electrodes and resection or disconnection. These changes in the new era of epilepsy 

surgery hinge primarily on the improvement or development of minimally-invasive 

diagnostic and ablative procedures, as well as the introduction of non-destructive 

neurostimulation techniques. In addition to subdural grid and strip electrodes, wider use and 

refinement of stereotactic electroencephalography (SEEG) has permitted invasive 

electrographic monitoring while avoiding a craniotomy. Beyond lobar or multilobar 

resection or disconnection, newer ablation procedures include laser interstitial thermal 

therapy (LITT) guided by magnetic resonance imaging (MRI) and stereotactic radiosurgery 

(SRS), while neuromodulation techniques now comprise closed-loop responsive 

neurostimulation (RNS) and open-loop deep brain stimulation (DBS), as well as open- or 

closed-loop vagus nerve stimulation (VNS). While the expanding armamentarium of 

surgical interventions in this field is certainly welcomed, it also introduces new challenges in 

selecting which diagnostic or therapeutic strategy is best for each individual patient.

The goal of this manuscript is to review both novel and traditional interventions in epilepsy 

surgery, and discuss one possible treatment algorithm for epilepsy surgery in the modern era 

(Figure 1). With this goal in mind, several disclaimers are in order. The present algorithm 

reflects the author’s individual opinions and personal biases, and therefore should not be 

viewed as a definitive clinical guide. Furthermore, no single treatment algorithm is 

appropriate for every epilepsy center or every patient, as clinical decisions are influenced by 

institutional availability of technologies and provider opinion and experiences. Also, there 

are often specific nuances related to individual cases that cannot be captured in a flowchart. 

While not quite simple, this algorithm is a simplified summary that excludes several clinical 

scenarios, for the sake of conciseness. Finally, just as quickly as the field of epilepsy surgery 

has changed in recent decades, we may expect a continued rapid evolution going forward. 

As such, continued modification and modernization will be required, as has been the case 

with previous algorithms. The value of this approach, however, is to encourage examination 

of both old and new surgical options side-by-side, through a critical review of the relevant 

literature. The timeliness of this topic rests in the fact that despite the introduction of several 

new anti-epileptic drugs (AEDs) over the past two decades, the proportion of drug resistance 

amongst epilepsy patients remains at approximately 30–40%, and high rates of morbidity 

and mortality persist [2]. Furthermore, despite class I evidence and consensus guidelines 

establishing the efficacy of epilepsy surgery, surgical interventions remain dramatically 

under-utilized in this disorder, with fewer than 1% of eligible candidates referred for surgical 

evaluation [2, 3]. Our goal is that an improved understanding of therapeutic options in drug-

resistant epilepsy may lead to improved access, utilization, and treatment success.
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2. Presurgical epilepsy evaluation (Fig. 1A)

Epilepsy patients who continue to have seizures despite treatment trials with two well-

tolerated AEDs or drug combinations should be referred to a comprehensive epilepsy center 

for noninvasive presurgical evaluation. It is well recognized that individuals who fail two 

AEDs are unlikely to achieve seizure freedom with additional medication trials – a reality 

that has not changed substantially with the recent introduction of newer AEDs [4, 5]. This 

recommendation is consistent with consensus guidelines by the American Academy of 

Neurology and several other North American and international organizations [6–8]. At 

established epilepsy centers, surgical decision-making involves a multidisciplinary team of 

neurologists, neurosurgeons, neuropsychologists, neuroradiologists, and other practitioners. 

When possible, the ultimate goal in epilepsy treatment is to achieve seizure freedom, which 

is the strongest predictor of quality of life [9].

The goals of the presurgical evaluation are to establish surgical candidacy, epilepsy subtype, 

and localization of a focal epileptogenic zone (EZ) from which seizures originate, if present. 

This includes a comprehensive history and physical examination, including detailed 

evaluation of seizure semiology and frequency, epilepsy duration and symptomatology, and 

risk factors [10]. Interictal electroencephalography (EEG) and long-term video-EEG are 

necessary, both to confirm the diagnosis of epilepsy and to correlate with semiology to aid 

localization.[11] A high-quality 3-Tesla (3T) MRI is equally critical, as the identification of 

a focal radiographic lesion corresponding to the EZ – such as mesial temporal sclerosis 

(MTS) – greatly increases the likelihood of surgical candidacy and favorable outcome [12, 

13]. Improvements in MRI technology and epilepsy-specific imaging sequences have 

increased detection rates for radiographic lesion over time [13, 14]. An interictal positron 

emission tomography (PET) scan is also valuable, as a focal region of hypometabolism may 

help confirm general EZ location and predict favorable outcome with surgery [15, 16]. For 

instance, anteromedial temporal lobe hypometabolism in the setting of a normal MRI may 

portend seizure freedom rates after temporal lobectomy that resemble those with MTS [17]. 

Furthermore, a comprehensive neuropsychological evaluation is helpful to both localize a 

symptomatogenic zone, and evaluate neurocognitive performance parameters that may be at 

risk with certain operative interventions [18].

Several other diagnostic modalities often enter into the presurgical epilepsy work-up, 

depending on needs of the individual case. Ictal single photon emission computed 

tomography (SPECT) may be useful to identify an area of hyperperfusion corresponding 

with focal seizure activity, particularly when subtracting interictal SPECT imaging and 

overlaying onto an MRI using the SISCOM technique (Subtraction Ictal SPECT Co-

registered to MRI) [19]. While subtraction SPECT may have higher positive predictive value 

than interictal PET, ictal SPECT is more challenging and resource intensive to obtain [20]. 

In some cases, both PET and SPECT may provide complementary information [20]. Next, 

interictal magnetoencephalography (MEG) may be a useful tool to help localize 

epileptogenic spike activity corresponding to the irritative zone, which may also contain the 

EZ [21]. Interictal spike modelling may not be possible, however, in individuals who have 

rare discharges. In one study, spikes were modelled in approximately 78% of 132 patients, 

and were concordant with the presumed EZ in about two-thirds of those individuals [21]. 
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Furthermore, either MEG or functional MRI (fMRI) may be useful for noninvasive 

localization of eloquent cortex for surgical planning and risk stratification, including motor, 

sensory, and language neocortices [22]. FMRI is also utilized for lateralization of verbal and 

visuospatial memory in some centers, although the need for multiple task repetitions make 

memory localization more challenging than language or sensorimotor localization [22]. For 

this reason, many centers perform the invasive Wada test – or the intracarotid sodium 

amobarbital procedure – when memory lateralization is important, such as in mesial 

temporal lobe epilepsy (TLE) without MTS [23].

The desired outcome of a complete and successful presurgical evaluation is the identification 

of a focal epilepsy syndrome with a well-localized EZ, as these cases portend the most 

favorable surgical outcome. However, further study with intracranial EEG may be required 

for precise EZ localization. Alternatively, data may suggest an epilepsy syndrome with 

primary generalized seizures or seizures with a diffuse or multifocal seizure onset zone.

3. Surgical treatment of widespread or multifocal EZs and generalized 

epilepsy (Fig. 1B)

While a multilobar EZ, multifocal EZs, or a generalized epilepsy syndrome presents a 

therapeutic challenge, surgical options may nonetheless be available. Some individuals, for 

instance, suffer from frequent, poorly localized or rapidly-generalizing seizures which result 

in “drop attacks,” including atonic or tonic seizures. Palliative surgical options for these 

patients include corpus callosotomy or VNS. While complete seizure freedom is relatively 

uncommon with these therapies, either may reduce the morbidity of atonic or tonic seizures 

by preventing contralateral seizure spread through commissural fibers (callosotomy), or by 

decreasing the frequency and severity of drop attacks (VNS).

Corpus callosotomy for frequent drop attacks is most often performed in children, but can 

also be utilized in adult patients to treat rapidly-generalizing seizures. Section of only the 

anterior two-thirds of the corpus callosum is frequently performed, while others advocate for 

a complete callosotomy. One systematic review restricted to children suggested that a 

complete callosotomy may be associated with a greater reduction in seizures than partial 

section, although it also carries a somewhat higher risk of transient disconnection syndrome 

symptoms [24]. In one large patient series, freedom from drop attacks was seen in 67% of 

individuals after anterior complete callosotomy [25], although long-term studies suggest 

more modest seizure outcomes, and freedom from all seizures is rare.

Alternatively, VNS represents a neuromodulation approach to treat patients with tonic or 

atonic seizures. Data from a large, manufacturer-maintained database show a 43% reduction 

in drop attack frequency 3 months after VNS implantation, with a 75% decrease observed in 

patients receiving treatment > 2 years [26]. However, one systematic review of 26 case series 

found that patients were more likely to achieve > 50% reduction in atonic seizure frequency 

with callosotomy (86%) compared to VNS (58%) [27]. In choosing between these therapies, 

it is important to consider rates of seizure outcome, adverse events, and patient preference, 

although class I data are not available for either treatment in this patient population. Finally, 

Englot Page 4

Epilepsy Behav. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a patient with persistent drop attacks after one surgical treatment may remain a candidate for 

the other approach.

In patients with a catastrophic hemispheric epilepsy syndrome and frequent seizures, corpus 

callosotomy and VNS are typically insufficient to produce a meaningful reduction in 

seizures, and an anatomic or functional hemispherectomy procedure may be considered. 

These patients include those with hemimegalencephaly, Sturge-Weber syndrome, Rasmussen 

encephalitis, or extensive ischemic, hemorrhagic, traumatic damage to one cerebral 

hemisphere. While anatomic hemispherectomy involves resection of all lobar gray matter 

while preserving subcortical structures, functional hemispherectomy (or hemispherotomy) 

typically includes a large central resection and temporal lobectomy together with 

disconnection of the frontal and parieto-occipital white matter, together with corpus 

callosotomy [28]. In appropriately selected patients, seizure outcomes are favorable. In one 

large series of 170 hemispherectomy procedures in children, approximately two-thirds of 

patients remained seizure-free 5 years (mean) after surgery [29]. Hemispherectomy is most 

often performed in infancy or early childhood for a severe, progressive, and drug-resistant 

epilepsy syndrome associated with contralateral hemiparesis and hemianopia together with 

marked neurocognitive impairments. However, hemispherectomy in older pediatric or adult 

patients may be considered when limited neurological function is presumed in the affected 

hemisphere [30]. Thus, factors to consider in selecting patients for hemispherectomy include 

epilepsy severity, suspicion of a hemispheric syndrome, patient age and likelihood for 

plasticity, and baseline neurological deficits.

Patients with multifocal, poorly localized, or generalized epilepsy syndromes that are not 

appropriate for hemispherectomy or corpus callosotomy may be candidates for 

neurostimulation with VNS. Notably, most of the patients in the randomized-controlled 

pivotal trials for VNS suffered from localization-related epilepsy, and United States (US) 

Food and Drug Administration (FDA) approval includes only focal epilepsy syndromes [31, 

32]. However, several observational studies have demonstrated efficacy of VNS in primary 

generalized epilepsy, and one large meta-analysis suggested a greater reduction in seizure 

frequency in patients with generalized or multifocal epilepsy (58%) than focal epilepsy 

(43%, last follow-up) [33]. One major advantage of VNS in generalized/multifocal epilepsy 

is that neuroanatomical targeting of a specific EZ is not necessary. VNS primarily uses open-

loop intermittent stimulation of the left vagus nerve, although closed-loop stimulation 

utilizing ictal tachycardia as a sign of possible seizure activity is now also being utilized 

[34]. While the median reduction in seizure frequency with VNS was relatively low in 

randomized-controlled trials with short 3-month follow-up (25–28%) [31, 32], long-term 

observational studies have demonstrated progressively improved efficacy over time, with > 

50% median seizure reduction after two years of treatment [35]. Nevertheless, complete 

seizure freedom is uncommon with VNS (approximately 8% after two years) [35], and 

therefore targeted treatment of the EZ remains favored in patients with a well-localized 

seizure onset zone who are amenable to an intracranial surgical procedure.

Of note, DBS of the anterior thalamus represents another neurostimulation therapy that does 

not require EZ localization, and therefore may become an appropriate treatment option for 

poorly localized epilepsy. However, the pivotal Stimulation of the Anterior Nucleus of 
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Thalamus for Epilepsy (SANTE) trial evaluated only focal epilepsy patients [36], and 

studies examining DBS in generalized epilepsy patients have not yet been reported. 

Nevertheless, these clinical investigations will be important in the future.

4. Intracranial monitoring options for EZ localization (Fig. 1C)

After the non-invasive presurgical evaluation, it is often possible to localize the EZ with a 

high level of confidence and proceed directly to a definitive surgical treatment. This is 

common in cases with a radiographic lesion on MRI that correlates with other diagnostic 

data, or when study results and semiology are concordant and strongly suggest mesial TLE. 

In other cases, intracranial EEG monitoring may be necessary to capture ictal and interictal 

electrographic data for EZ delineation, with electrode implantation followed by an inpatient 

stay in the epilepsy monitoring unit of days to weeks. The two most common approaches to 

intracranial EEG include craniotomy for implantation of subdural electrodes (SDEs), 

including grid and strip with or without depth electrodes, or SEEG depth electrode 

placement without craniotomy. Both procedures require hypotheses a priori regarding 

possible EZ location or network involvement, given that electrode coverage is limited. While 

multiple burr holes for subdural strip electrode placement is also sometimes performed, this 

has become less common with the increased availability of SEEG.

SEEG represents a minimally-invasive approach utilizing a stereotactic frame, frameless 

neuronavigation, stereotactic robot, or 3D-printed disposable frame for depth electrode 

insertion through small stab incisions and 2–3 mm burr holes. The general technique was 

developed in France in the 1950s [37] and only became widespread outside of Europe in 

recent years, where SDE implantation has been the traditional approach. The major strength 

of SEEG lies in the ability to map three-dimensional epileptogenic networks including 

spatially distinct and deep regions while avoiding craniotomy [38], although spatially 

continuous coverage of surface gyri is more challenging than with SDEs [39]. SEEG is 

associated with decreased peri-operative pain and shorter recovery time than SDEs, and 

large review studies suggest a lower rate of serious adverse events with the former (1.3%) 

[40] compared to the latter (3.4%) [41]. An additional convenience of SEEG is that timing of 

the definitive surgical treatment is not influenced by the need to return to the operating room 

for grid explantation, as no craniotomy has been performed, and SEEG removal is a minor 

procedure.

If the EZ is poorly lateralized and sampling of bilateral regions is required, SEEG is 

typically the preferred approach, to avoid bilateral craniotomies. However, a unilateral 

craniotomy with contralateral stereotactic depths is possible if extensive neocortical 

coverage is required on only one side, together with sparser sampling in the second 

hemisphere. If the regions of greatest interest are in deep locations, such as periventricular or 

insular regions, SEEG will provide easier access. Sampling of the insula can be performed 

with SDEs, albeit requiring microsurgical splitting of the Sylvian fissure. Interhemispheric 

cortex can be sampled with SEEG or with a craniotomy over midline to place SDEs under 

direct visualization, to avoid venous injury [42]. A craniotomy for grid implantation 

supplemented by depth electrode placement is also an option for some cases, for example 

when lateral fronto-temporal cortical coverage is desired together with sampling of mesial 
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temporal structures. However, accuracy may be affected when stereotactically placing depth 

electrodes once an open craniotomy has allowed brain shift.

If a case requires careful delineation of the EZ borders in a neocortical region, such as 

cortical regions involving or adjacent to eloquent cortex, a craniotomy for grid placement 

may be the preferred approach. This more easily allows continuous coverage over a large 

area of cortical surface, and also permits mapping of eloquent cortex using direct cortical 

stimulation in the epilepsy monitoring unit, if desired. While both extensive neocortical 

coverage and mapping of eloquent cortex are possible with SEEG [43], a large number of 

electrodes must be strategically planned to achieve a similar result. However, it must also be 

considered that SDEs will not allow sampling of gray matter in sulci, which is achievable 

with SEEG. Finally, if SEEG results suggest EZ location in an approximate neocortical area, 

but more detailed cortical delineation is required before definitive treatment, a second 

monitoring procedure with craniotomy for targeted SDE placement can be considered. 

Conversely, SEEG of targeted structures after an inconclusive grid procedure is also 

achievable [44].

5. Surgical treatment of focal neocortical epilepsy (Fig. 1D)

When an EZ is localized to a focal neocortical region, and resection can be safely performed 

without producing a neurological deficit, resection is the preferred surgical treatment. Unlike 

surgery for TLE, no randomized, controlled trials have evaluated resection for focal 

neocortical epilepsy. However, numerous case series have been reported in both adult and 

pediatric populations, and literature reviews have suggested that post-operative seizure 

freedom is achieved in approximately 40–60% of patients [45–47]. Furthermore, outcomes 

are often more favorable in cases with a radiographic neocortical lesion that can be excised 

completely, such as a brain tumor or vascular malformation, and insufficient extent of 

resection is the most common reason for surgical failure [12, 48]. Methods for stereotactic 

ablation of extra-temporal foci have also been described as alternatives to resection. For 

instance, MRI-guided LITT has been used for ablation of epileptogenic cavernous 

malformation, hypothalamic hamartomas, and focal cortical dysplasia [49, 50], and 

stereotactic radiofrequency ablation has been described to treat epilepsy related to 

periventricular heterotopia [51]. While these offer promising alternatives to craniotomy, 

further studies examining long-term seizure outcomes in large cohorts are needed.

Complete resection of the EZ may not be possible when it overlaps with eloquent cortex – 

such as regions serving motor, language, or vision function – but resection to the limits of 

functional cortex may be considered when guided by extra- or intra-operative mapping with 

direct cortical stimulation. Nevertheless, for cases in which aggressive resection is not 

possible without producing a neurological deficit, a tissue-sparing approach such as RNS or 

multiple subpial transections (MST) should be considered. Either procedure can be 

performed alone, or together with a resection of adjacent non-eloquent epileptogenic cortex. 

VNS can also be considered, particularly if a patient prefers to avoid an intracranial 

procedure.
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In the US, RNS received FDA approval in 2013 for the treatment of focal epilepsy in adults, 

and it has been used off-label in children. As a closed-loop system, stimulation is triggered 

by early detection of possible epileptogenic activity from constant intracranial EEG 

recordings, and is customized to each patient. During a 12-week blinded period of a 

randomized, controlled pivotal trial, greater reduction in seizure frequency was seen with 

active stimulation (38%) compared to sham treatment (17%) [52]. Over time, epilepsy 

response rates improve with RNS, as with other neurostimulation-based treatments such as 

VNS and DBS [53]. In a large observational cohort of 126 patients with focal neocortical 

epilepsy, median percent seizure reduction was 70% in those with frontal or parietal 

seizures, and 58% in individuals with lateral temporal lobe epilepsy, with a mean follow-up 

of 6 years [54]. No stimulation-related neurological deficits were reported and 

complications, including hemorrhage or infection, were uncommon. Importantly, given that 

RNS can accommodate two active four-contact depth or strip electrodes, treatment of two 

suspect EZs is possible [54].

MST was first described by Morrell in 1989 as a focal disconnective procedure for 

individuals with eloquent neocortical EZ [55]. The procedure requires numerous parallel 

subpial incisions applied to the neocortex to sever tangential intracortical fibers, with the 

goal of preventing horizontal seizure spread without interfering with vertical communication 

of neuronal signals. Early studies reported relatively favorable seizure outcomes in 

approximately 60% of patients with neocortical epilepsy [56], and a recent meta-analysis of 

34 case series observed seizure freedom in approximately 55% of individuals treated with 

MST together with resection, and 24% of patients receiving MST alone [57]. However, the 

likelihood of producing a neurological deficit appears higher with MST compared to RNS in 

treating epileptogenic eloquent cortex [57]. Nevertheless, MST may be a desirable option in 

these patients who wish to avoid permanently-implanted intracranial hardware, or who are 

unable to take an active participatory in their care, which is necessary with RNS.

6. Surgical treatment of mesial TLE (Fig. 1D)

Mesial TLE is the most common epilepsy syndrome, and is associated with significant 

morbidity. The surgical treatment of mesial TLE has been well-studied, and success rates are 

relatively favorable, particularly in the setting of MTS. However, seizure origination in both 

hippocampi presents a particular surgical challenge, as resection or ablation of bilateral 

hippocampi would create devastating neuropsychological consequences. If the vast majority 

of seizures in a bitemporal epilepsy patient originate on one side, palliative resection or 

ablation of one temporal lobe may produce favorable results [58]. A brief period of inpatient 

EEG recordings of one to three weeks, however, may be insufficient to quantify the 

frequency of bilateral ictal events. RNS represents an option in which leads can be placed 

longitudinally in the bilateral hippocampi for neurostimulation-based treatment of seizures, 

and the device can also be used for long-term seizure monitoring, which may in some cases 

lead to a more definitive surgical procedure.

One large, long-term observational study examined 111 patients with mesial TLE treated 

with RNS, including 72% with bilateral onset, and 28% with unilateral seizures [59]. For 

patients receiving a unilateral implant, providers typically had concern for verbal memory 
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decline with resection, or the patient had failed a previous contralateral temporal lobectomy. 

At mean followup of 6 years, a 70% median decrease in seizure frequency was observed, 

with no differences seen between unilateral or bilateral patients. In a small number of 

patients with bitemporal RNS, unilateral resection has been performed after recordings over 

time suggested predominantly unilateral seizure onset [59, 60]. Thus, RNS may be 

considered for treatment and/or long-term data collection in patients with bilateral mesial 

TLE, or in individuals with unilateral TLE who are not candidates for resection or ablation, 

including those who have had a previous contralateral procedure.

When possible, surgical resection is the gold standard treatment for drug-resistant mesial 

TLE. The two most common approaches include anterior temporal lobectomy (ATL) – 

including removal of the anterior hippocampus, amygdala, temporal pole, and anterolateral 

temporal cortex – or selective amygdalohippocampectomy (SAH). SAH may be performed 

using several surgical strategies, the most common of which include a transcortical, trans-

Sylvian, or subtemporal approach. In addition, ablation of the mesial temporal structures is a 

relatively new alternative to focal resection.

If lateral temporal epileptogenicity is suspected along with mesial temporal lobe seizure 

onset, ATL is the preferred surgical approach. Example cases include those with mesial 

temporal sclerosis together with a basal temporal encephalocele or temporal neocortical 

lesion (dual pathology), or those with significant lateral epileptiform discharges on 

intracranial recordings together with hippocampal seizure onset. The efficacy of ATL for 

TLE has been demonstrated by two randomized, controlled trials comparing surgery to 

continued medical therapy. In the first trial, seizure freedom was significantly more common 

among 40 patients randomized to surgery (58%) compared to 40 individuals receiving best 

medical therapy (8%) at one-year followup.[61] Another trial included only patients with a 

new (< 2 years) diagnosis of drug-resistant epilepsy, and compared early ATL to continued 

medication [62]. At 2-year follow-up, seizure freedom was observed in 11 of 15 (73%) 

individuals in the surgical group, but none (0%) of 23 participants in the medical group, 

demonstrating superiority of early surgical intervention in TLE.

If lateral temporal involvement is not suspected, selective treatment of mesial temporal 

structures with resection or ablation may be considered, versus a standard ATL. This 

surgical decision will inherently be influenced by provider opinion, patient preference, and 

technology availability. While newer ablative procedures carry the benefit of avoiding 

craniotomy, reduced hospital stay, and diminished peri-procedural pain, surgical resection 

remains the option associated with the highest likelihood of seizure freedom, both 

immediately after surgery and in the long-term. With regard to resection for mesial TLE, 

there is disagreement regarding the benefit of neocortical tissue removal. However, a large 

meta-analysis of 1,203 patients in 14 studies suggests somewhat improved seizure outcomes 

with ATL over SAH, with a 8% increased likelihood of seizure freedom with the former 

[63]. It is unknown if the increased likelihood of seizure freedom with ATL is related to 

lateral temporal cortical resection, or a greater extent of mesial structure removal given 

larger exposure. Furthermore, there is disagreement in the literature about whether SAH 

carries a lower risk of neuropsychological dysfunction than ATL, particularly with regard to 

naming and memory, or if outcomes are comparable [64, 65].
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If the patient or provider wishes to pursue a less invasive treatment option, MRI-guided 

LITT has become increasingly popular for the treatment of mesial TLE, and stereotactic 

radiosurgery (SRS) has also been explored at several centers. LITT is performed with a 

fiberoptic laser probe, using a longitudinal approach across the long axis of the hippocampus 

and into the amygdala and uncus. Series ablations can be performed using real-time MRI 

thermography to track temperatures of ablated tissue and surrounding critical structures. 

Published clinical series report rates of seizure freedom of 41–54% at approximately one 

year after surgery, suggesting somewhat less favorable seizure outcomes than resection [50, 

66, 67]. Some investigators have observed better naming and object recognition outcomes 

with LITT compared to resection for mesial TLE [68], although larger clinical series and 

long-term data for both seizure and neuropsychological outcomes are needed. Furthermore, 

resection remains an option for patients who have failed LITT.

Finally, SRS is an intervention for mesial TLE that has been explored as an alternative to 

surgery. SRS is typically performed with gamma knife radiation targeting the mesial 

temporal structures with a single dose treatment. In a pilot multi-centered prospective trial, 

seizure freedom was observed in 77% of 13 individuals who received higher dose (24 Gy) 

therapy and in 59% of 17 patients who received lower dose (20 Gy) treatment, with one-year 

follow-up [69]. A prospective randomized trial of SRS versus open temporal lobectomy 

(Radiosurgery or Open Surgery for Epilepsy [ROSE] trial) was recently completed, and 

publication of the results are pending. Although preliminary results suggest seizure outcome 

rates may be comparable to surgical resection, the beneficial effects of SRS may be delayed 

up to 12 months [70]. This creates a period of uncertainty in the months after the procedure, 

compared to other invasive treatments. While the future role of SRS for mesial TLE remains 

unclear in light of increasing use of LITT for this disorder, SRS does represent the only 

intervention that avoids invasive surgery and general anesthesia.

7. Conclusions

In this review, we discussed current surgical procedures for drug-resistant epilepsy, and 

presented a general framework for integrating traditional and emerging technologies into 

practice at a comprehensive epilepsy center. However, many clinical scenarios and less 

common surgical approaches are beyond the scope of this review, and practice patterns differ 

between centers. In particular, while both children and adults are considered together in this 

review for the sake of conciseness, the pathology, treatment philosophy, and treatment 

approach often differs in these patient populations. For example, hemispherectomy may be a 

reasonable option in a young child with catastrophic epilepsy, but may be associated with 

unacceptable morbidity in an adult, while RNS is considered more frequently in adult 

patients than young children. Furthermore, while mesial TLE is the most common epilepsy 

syndrome in adults, neocortical seizure onset is more commonly observed in pediatric 

populations.

Finally, treatment option must be considered in light of currently available evidence, and 

relatively few randomized, controlled trials have been performed in epilepsy surgery, with 

key trials summarized in Table 1. While resection for TLE and neurostimulation procedures 

have been evaluated in controlled clinical trials, evidence for many other procedures is 
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limited to observational cases series, including intracranial monitoring, neocortical resection, 

disconnection procedures, and ablation therapies. While randomized trials may not be 

practical in all scenarios, rigorous prospective studies are particularly essential now that the 

number of interventions available has increased. Moving forward, it will be important to 

develop a framework for outcome data collection in epilepsy surgery, related not only to 

seizure improvement, but also neuropsychological outcomes, quality of life, and adverse 

events. Continued education is needed to encourage the referral of drug-resistant epilepsy 

patients to tertiary epilepsy centers, where the comprehensive tools for evaluation and 

treatment discussed herein can be offered using a multidisciplinary approach.
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Abbreviations

AED anti-epileptic drug

ATL anterior temporal lobectomy

EEG electroencephalography

EZ epileptogenic zone

fMRI functional magnetic resonance imaging

LITT laser interstitial thermal therapy

MEG magnetoencephalography

MRI magnetic resonance imaging

MST multiple subpial transections

PET position emission tomography

RNS responsive neurostimulation

SAH selective amygdalo-hippocampectomy

SDE subdural electrodes

SEEG stereotactic electroencephalography

SPECT single-photon emission computed tomography

SRS stereotactic radiosurgery
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Highlights

- Several new diagnostic and therapeutic surgical procedures for drug-resistant 

epilepsy have been introduced in recent years.

- In addition to subdural grids and resection, minimally-invasive, non-

destructive, and neuromodulation surgical approaches are also now available.

- Choosing between traditional and emerging epilepsy surgery technologies 

requires comparison of study results and outcome data.

- Epilepsy surgery treatment algorithms may help guide decision-making, but 

require center-specific customization and personalization.
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Figure 1. A modern epilepsy surgery treatment algorithm
The algorithm begins with noninvasive surgical evaluation (A), and the includes treatment of 

generalized or multifocal epilepsy (B), invasive monitoring decisions (C), and treatment of 

neocortical (D) or mesial temporal lobe (E) epilepsy. AED: anti-epileptic drug; ATL: 

anterior temporal lobectomy; EEG: electroencephalography; EZ: epileptogenic zone; fMRI: 

functional magnetic resonance imaging; LITT: laser interstitial thermal therapy; MEG: 

magnetoencephalography; MRI: magnetic resonance imaging; MST: multiple subpial 

transections; PET: position emission tomography; RNS: responsive neurostimulation; SAH: 

selective amygdalo-hippocampectomy; SDE: subdural electrodes; SEEG: stereotactic 
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electroencephalography; SPECT: single-photon emission computed tomography; SRS: 

stereotactic radiosurgery
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Table 1

Key Randomized, Controlled Trials of Seizure Outcomes after Epilepsy Surgery

Therapy Studies

Anterior Temporal Lobectomy (ATL) Engel et al., 2012[62]; Wiebe et al., 2001[61];

Resection in Children Dwivedi et al., 2017[71]

Deep Brain Stimulation (DBS) Fisher et al., 2010[36]

Responsive Neurostimulation (RNS) Morrel et al., 2011[52]

Stereotactic Radiosurgery (SRS) Barbaro et al. (completed, pending publication)

Vagus Nerve Stimulation (VNS) Amar et al., 1998[72]; Ben-Menachem et al., 1994[31]; DeGiorgio et al., 2005[73]; Handforth et al., 
1998[74]; Scherrmann et al., 2011[75]
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